This review highlights the recent advances in the field of the synthesis of diazatriphenylenes and their structural analogues, such as phenanthrenes, fused with the thiophene ring, and naphthalenes, condensed with two thiophene rings. Also applications of these compounds are considered.
Introduction
Over the last two decades polycyclic aromatic hydrocarbons (PAHs) have gained a growing attention of chemists due to their unique electronic and optoelectronic properties, which can find applications in organic electronics. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] In this series triphenylenes [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] and their thiophene analogues (viz. phenanthro [9,10- A first-rate review on the chemistry of the above mentioned heteroaromatic systems, focusing on their synthesis, electronic properties, and applications in materials science, has recently been published. 51 However, no reviews dealing with the chemistry and applications of triphenylenes, phenanthro [9,10-b] thiophenes and naphthodithiophenes, bearing pyridazine (I-XVII; Section 2 of this review), pyrimidine (XVIII-XXVI; Section 3) or pyrazine rings (XXVII-XXXII; Section 4) have so far been published.
Synthesis of 1,2-and 2,3-Diazatriphenylenes and Related Thiophene-containing Systems
There are theoretically 17 tetracyclic diazatriphenylene structures (I-XVII), bearing two neighboring aza-groups (see Figure 2 ), however only dibenzo[f,h]cinnoline (I) and dibenzo[f,h]phthalazine (II) derivatives have so far been described in the literature. 52, 53 Both compounds are considered to be promising materials and ligands for using as dopants in organic light emitting diodes.
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Figure 2. Structures of possible tetracyclic diazatriphenylenes and related thiophene-containing systems bearing the pyridazine ring.
A simple protocol for the synthesis of unsymmetrical cinnoline polycyclic systems has been developed through sulfuric acid promoted intramolecular cyclizations of 1-arylhydrazones derived from cyclohexan-1,2-dione and 4-methyl cyclohexane-1,2-dione. 54 In particular, 7,8,9,10- Another approach to the dibenzo[f,h]cinnoline ring system (I) was suggested by Cort et al. 55 The reaction of ethyl 3a-hydroxy-2-oxo-3,3a-dihydro-2H-cyclopenta[l]phenanthrene-1-carboxylate (3) with hydrazine proceeded via rearrangement of the intermediate (4) , leading to ethyl 4a-hydroxy-3-oxo-2,3,4,4a-tetrahydro-1H-1,2-diazatriphenylen-12b-yl)acetate (5) . The thermal degradation of compound (5) A similar route to the parent dibenzo[f,h]cinnoline (I) through thermolysis of triazene (12) in 58% yield (Scheme 3) has been demonstrated by Young et al. 56 The starting triazene (12) was obtained, as shown in Scheme 3. Nitration of commercially available 9-bromophenanthrene (7) afforded 8, which was subsequently reduced with iron powder in the presence of acetic acid to give bromoaniline (9) . Diazotization of 9 with BF 3 ·Et 2 O and t-BuONO followed by quenching with HNEt 2 furnished the formation of triazene (10). The Sonogashira cross-coupling reaction of 10 with trimethylsilylacetylene (TMSA) afforded the protected acetylene compound 11, which was then transformed into give the desired terminal acetylene 12 in 14% overall yield, taking into account all five steps (Scheme 3). In fact, the diazotization / Pschorr type ring closure of 30 is certainly a superior method for the preparation of 27, affording the target product in 70% yield (56% overall yield from 25) within 3 hours of the reaction time. It should be compared with 56% yield of the same product (49% overall yield from 25) reached for 64 hours of the intramolecular Pd-catalyzed arylation.
The intermolecular Diels-Alder reaction is a more traditional method for the formation of dibenzo[f,h]phthalazine (II) skeleton. In particular, the reaction of perylenes (32a-c) with an excess of 2,3-dihydrophthalazin-1,4-dione (33) in CH 2 Cl 2 in the presence of lead (IV) acetate (taken in an amount which is equimolecular to 33) at 0-25 o C affords benzo [4, 10] anthra [1,9,8-cdef] cinnolines 35a-c in 11-67% yields (Scheme 9).
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Scheme 9. Synthesis of dibenzo[f,h]phthalazines 35a-c (structural type II) via the intermolecular Diels-Alder reaction.
Classic carbanion chemistry has been exploited for the preparation of dibenzo[f,h]cinnoline derivatives: a base-promoted condensation of 2-cyanoacetohydrazide (37) with 9,10-phenanthrenequinone (36) has resulted in the formation of 3-oxo-2,3-dihydro-1,2-diazatriphenylene-4-carbonitrile (38) (Scheme 10). 60 It is noteworthy that compound 36 has been used as the starting material for the synthesis of a wide range of biologically active azolo-annulated dibenzo[f,h]cinnolines 39-46, exhibiting anti-inflammatory, analgesic, antimicrobial and anticancer activities (Scheme 10). 
Synthesis of Tetracyclic Systems, Analogues of 1,3-Diazatriphenylenes
There are 9 tetracyclic structures (XVIII-XXVI) bearing 1,3-diazine fragments (see Figure 3) Another two-step pathway to dibenzo[f,h]quinazoline (XVIII) skeleton has been proposed by Hara et al. 78 At the fist step, 9-iodophenanthrene (50) reacts with 3-chlorobenzamidine hydrochloride (51) at 100-110 °C in dimethylformamide in the presence of CuI, Cs 2 CO 3 and N,N'-dimethylethylenediamine to afford N-(phenanthren-9-yl)-3-chlorobenzamidine (52) . At the final step, the compound 52 reacts with an excess of diethyl acetal (53) in DMF at 120 °C for 1 hour to give 2-(3-chlorophenyl)dibenzo[f,h]quinazoline (54) in 39% overall yield (Scheme 12).
Scheme 12. Synthesis of dibenzo[f,h]quinazoline (XVIII) skeleton via condensation of N-(phenanthren-9-yl)-3-chlorobenzamidine (52) with diethyl acetal (53).
The second principal pathway to obtain dibenzo[f,h]quinazolines (XVIII) involves the assembly of polyaromatic framework on the basis of the pyrimidine scaffold, and this approach is well-documented in literature. In particular, Olivera et al. 84, 85 have demonstrated a straightforward synthetic approach to 6,7,10,11-tetrasubstituted dibenzo[f,h]quinazolines (56) (59), by using concentrated sulfuric acid as a catalyst and iron(III) chloride, as an oxidant (Scheme 15). 79 For a better understanding of the S N H reactions, see the recently published review 87 and references cited therein.
Also oxidative cyclodehydrogenation (the Scholl reaction) appears to be a versatile tool for the construction of 1,3-diaza-analogues of triphenylenes. It requires a Lewis acid and oxidant, and is supposed to proceed through either the radical-cation (electron transfer) or arenium cation (proton transfer) intermediates. 88, 89 A variety of oxidants, including Fe(III), I(III), Tl (III), Ru(IV) and V(V), and their effects on the oxidative cyclodehydrogenation reaction, have been elucidated. 85 In particular, Olivera et al. On the contrary, iron(III) chloride proved to be an appropriate oxidant for the intramolecular oxidative cyclodehydrogenation of 5-(1,1'-biphenyl-2-yl) substituted pyrimidines (63) 96 have demonstrated that use of elemental bromine in the reaction with diazapolyphenylenes results in the intramolecular bond formation with the pyrimidine ring, and the reaction is accompanied by bromination of the phenyl substituents to give products 66a,e,f, which can be controlled by the reaction conditions (Scheme 20 C for 1 hour. The iodonium-induced carbocyclization affords either substituted 6-aryl-5-iodochrysene (B), or 9-iodo-10-arylphenanthrene (C), or a mixture of both. A convenience of this convergent synthetic strategy is that the subsequent photochemical cyclodehydroiodination step is supposed to convert both structural isomers (C or B) into the same final helical product (E), as shown in Scheme 22. A reasonable mechanism for the synthesis of polycyclic benzoquinazolines 74 has been formulated (Scheme 24). 98 Being irradiated with the UV-light, compound 72 in the excited state is transformed to the keto form 72A by means of the intramolecular proton transfer. The intermediate 72B is then formed under UV irradiation, followed by dehydration into the target product 74. 
Synthesis of Heteropolycyclic Systems, Analogues of 1,4-Diazatriphenylenes
There are 6 tetracyclic aromatic structures (XXII-XXXII), bearing the 1,4-diazine fragment (see Figure 4) . Surprisingly, only dithieno[2,3-f:2',3'-h]quinoxalines (XXXII) have not so far been described in the literature. (10 mg to 1.1 mmol 87a,i) , r.t., 32 min. EtOH-H 2 O (7:3), PhOH (20 mol %), rt, 2 min. 139 EtOH, nanoparticles (4 mg to 1.5 mmol 87a,p), 60 °C, 3-60 min.
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Scheme 31. Synthesis of dibenzo[f,h]quinoxaline (90) by condensation of ethylenediamines (88) with substituted phenanthren-9,10-diones (89). In addition to this well-known condensation reaction, Rabinovitz et al. 164, 165 have designed a new synthetic approach to dibenzo[a,c]phenazines (86) , based on the reductive coupling reaction of 2,3-diphenyl substituted quinoxalines (91a,q,t,u), proceeding with graphite-potassium intercalate (C 8 K) in dry tetrahydrofuran (THF) or dimethoxyethane (DME) at room temperature (Scheme 32). A plausible mechanism for the ring closure reaction has been described in the literature. 165, 166 Page 385 (86) by the reductive coupling reaction of 2,3-diphenyl substituted quinoxalines (91a,q,t,u), proceeding with graphite-potassium intercalate (C 8 K) in dry tetrahydrofuran (THF) or dimethoxyethane (DME). 177, 178, [180] [181] [182] [183] [184] [189] [190] [191] [192] 195 have been found to be highly luminescent and/or prospective semiconductor materials, demonstrating their potential applications in organic electronics.
Conclusions
In this review article we have tried to present up-to-date literature data on the latest achievements in the chemistry of 1,2-, 1,3-and 1,4-diaza-analogues of triphenylene, phenanthro [9,10-b] thiophene and naphthothiophenes. In order to prepare 1,2-and 1,4-diaza derivatives of these polycyclic aromatic systems various types of condensation reactions appear to be appropriate ones, while the synthesis of 1,3-diaza compounds is usually realized via intramolecular cross-coupling reactions. It should be noted that from 32 possible diazaanalogues of triphenylene, phenanthro [9,10-b] thiophene and naphthothiophenes only 11 structures have so far been described in the literature. We believe that this review will be useful for organic chemists working in the field of polycyclic (hetero)aromatics and their metal complexes.
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